A novel marine actinomycete, designated B374 T , was isolated from a marine sponge, Glodia corticostylifera, which was collected from Sã o Paulo, Brasil. The taxonomic position of B374 T was established by using data derived from a polyphasic approach. The organism showed a combination of chemotaxonomic and morphological characteristics consistent with its classification in the genus Marmoricola and it formed a distinct phyletic line in the clade of the genus Marmoricola, based on 16S rRNA gene sequences. Strain B374
Instituto Bioló gico, Secretaria de Agricultura e Abastecimento, Centro Experimental do Instituto Bioló gico Lab. de Bacteriologia Vegetal 4 Embrapa Meio Ambiente, 13820-00 Jaguariú na, SP, Brazil 5 Agrivalle, 37550-000 Pouso Alegre, MG, Brazil A novel marine actinomycete, designated B374 T , was isolated from a marine sponge, Glodia corticostylifera, which was collected from Sã o Paulo, Brasil. The taxonomic position of B374 T was established by using data derived from a polyphasic approach. The organism showed a combination of chemotaxonomic and morphological characteristics consistent with its classification in the genus Marmoricola and it formed a distinct phyletic line in the clade of the genus Marmoricola, based on 16S rRNA gene sequences. Strain B374
T was most closely related to Marmoricola aequoreus SST-45 T (98.5 % 16S rRNA gene sequence similarity), but was distinguished from this strain and from the other type strains of species of the genus Marmoricola on the basis of a combination of phenotypic properties. The data obtained, therefore, indicates that isolate B374 T (5CBMAI 1089
T 5DSM 28169 T ) should be classified as a novel species of the genus Marmoricola, for which the name Marmoricola aquaticus sp. nov. is proposed.
The genus Marmoricola was proposed by Urzì et al. (2000) to accommodate a new member of the family Nocardioidaceae, namely Marmoricola aurantiacus, which possesses unique morphological, physiological and chemotaxonomic characteristics. At the time of writing there are a further four species with validly published names: Marmoricola aequoreus (Lee, 2007) , Marmoricola bigeumensis (Dastager et al., 2008) , Marmoricola scoriae (Lee & Lee, 2010) and Marmoricola korecus (Lee et al., 2011) . These organisms form a phylogenetically coherent cluster within the family Nocardioidaceae and are well separated from other genera of the family by a combination of chemotaxonomic and physiological features (Lee & Lee, 2010; Lee et al., 2011) . Members of the genus are rare and randomly isolated, but they have been found in diverse environments, such as marble, beach sediment, agricultural soil and volcanic ash (Lee, 2007; Dastager et al., 2008; Lee & Lee, 2010; Lee et al., 2011) . The present study was designed to use a polyphasic approach to establish the taxonomic position of isolate B374 T , which was isolated from a marine sponge, Glodia corticostylifera, collected in São Paulo, Brazil. The resultant data show that the isolate forms a new centre of taxonomic variation within the genus Marmoricola and, therefore, it is proposed that the isolate should be recognized as a novel species of the genus Marmoricola, with the suggested name Marmoricola aquaticus sp. nov.
Treatment of the sample and preparation of media for bacterial isolation were performed as described by Menezes et al. (2010) , agar 15 g l 21 , 80 % artificial seawater), which had been inoculated with a suspension of triturated G. corticostylifera and incubated at 25 8C for 1-4 weeks. The organism was maintained on M1 agar plates at 4 8C and as a cell suspension in glycerol (20 % v/v) at 280 8C. Biomass for chemotaxonomic and molecular systematic studies was grown in shake flasks of ISP 2 broth [International Streptomyces Project medium 2; Shirling & Gottlieb, 1966] for 7 days at 30 8C, harvested by centrifugation and washed twice in distilled water. Biomass for fatty acid analysis of the isolate and of type strains of species of the genus Marmoricola were harvested from Trypticase Soy Broth (TSB; Difco), which had been incubated at 30 8C for 3 days.
The phylogenetic position of strain B374
T was determined by 16S rRNA gene sequence analysis. Genomic DNA was extracted according to a method modified from that of van Soolingen et al. (1993) , while PCR amplification and 16S rRNA gene sequencing were achieved using procedures described previously (Menezes et al., 2010) , using the primer 1525r [59 AAGGAGGTGWTCCARCC 39; Lane, 1991] , instead of primer 1401r. The almost complete 16S rRNA gene sequence (1428 nt [nt]) of strain B374
T was aligned using MEGA version 6 software (Tamura et al., 2013) against corresponding sequences of closely related type strains of species of the genus Marmoricola retrieved from the GenBank database using the EzTaxon-e server (Kim et al., 2012) . Phylogenetic trees were inferred using
Nocardioides sediminis MSL-01 indicate branches of the tree that were also recovered with the maximum-likelihood and maximum-parsimony tree-making algorithms; the white diamonds and black diamonds denote branches recovered using, respectively, the maximum-likelihood and maximum-parsimony tree-making algorithms. (Lee & Lee, 2010) . Comparative data were taken from Lee et al. (2011) and the present study. All strains were aerobic, Gram-stain-positive, oxidase-negative, catalase-positive and positive for aesculin hydrolysis. All were positive for alkaline phosphatase, a-glucosidase and b-glucosidase, but negative for a-galactosidase, b-glucuronidase, a-mannosidase, afucosidase (API ZYM tests).+, Positive; 2, negative; W, weakly positive; ND, not determined; DPG, diphosphatidylglycerol; PC, phosphatidylcholine; PG, phosphatidylglycerol; PI, phosphatidylinositol; PL, unknown phospholipid; PME, phosphatidylmethylethanolamine. 
Utilization of: the maximum-likelihood (Felsenstein, 1981) , maximumparsimony (Fitch, 1971 ) and neighbour-joining (Saitou & Nei, 1987) tree-making algorithms drawn from the MEGA 6 package (Tamura et al., 2013) ; an evolutionary distance matrix for neighbour-joining analysis was generated using the Jukes & Cantor (1969) model. The appropriate nucleotide substitutions for maximum-likelihood analysis were selected by the Bayesian Information Criterion (BIC) using the MEGA 6 software and found to follow the Tamura-Nei parameter (TN93+G+I) model (Tamura & Nei, 1993) . The topologies of the evolutionary trees were evaluated by bootstrap analysis (Felsenstein, 1985) of the neighbourjoining method based on 1000 replicates using MEGA 6 software. The root position of the neighbour-joining tree was inferred by using Kribbella antibiotica YIM 31530 T (GenBank accession no. AY082063) as the outgroup. The DNA G+C content of isolate B374
T was estimated using the thermal denaturation method, as described by Gonzalez & Saiz-Jimenez (2002) .
It can be seen from Fig. 1 that, based on 16S rRNA gene sequences, isolate B347
T was recovered in the clade of the genus Marmoricola, an association which was underpinned by the maximum-parsimony tree-making algorithm. The isolate formed a new phyletic line, which was closely associated with the type strain of M. aequoreus T , a result that was supported by all the treemaking algorithms and by a 90 % bootstrap value. Strain B374 T shared highest 16S rRNA gene similarity of 98.5 % with the type strain of M. aequoreus T , a value which corresponded to 21 nt differences at 1393 sites. The corresponding 16S rRNA similarities with the other type strains of species assigned to the genus Marmoricola varied from 96.3 to 97.8 %.
DNA-DNA relatedness studies between isolate B374
T and its closest phylogenetic neighbours were not carried out because the levels of 16S rRNA gene sequence similarity between the strains were lower than those between the other organisms assigned to the genus Marmoricola. Also, the 16S rRNA similarity values were lower than the 99.0 % cut-off point recommended for mandatory DNA-DNA relatedness studies for members of Actinobacteria (Meier- Kolthoff et al., 2013) . The DNA G+C content of isolate B374
T was 74.3 mol%.
Standard procedures were used to determine the isomers of diaminopimelic acid (Staneck & Roberts, 1974) , the acyl type of murein (Uchida et al., 1999) , and the menaquinone and polar lipids profiles (Minnikin et al., 1984) of strain B374 T with M. aequoreus NRRL B-24464 T as a control. The isolate was found to contain LL-diaminopimelic acid as the diagnostic diamino acid in the peptidoglycan, N-acetylated muramic acid, and major amounts of phosphatidylinositol, phosphatidylglycerol, diphosphatidylglycerol and phosphatidylmethylethanolamine (Fig. S1 , available in the online Supplementary Material). The predominant menaquinone was MK-8(H4). These chemotaxonomic data are in line with the assignment of the isolate to the genus Marmoricola (Urzì et al., 2000) .
Mycolic acids were sought from isolate B374 T using the acid methanolysis procedure of Minnikin et al. (1980) . Fatty acids extracted from the isolate were methylated and analysed by using the standard Sherlock Microbial Identification (MIDI) system, ACTINO version 5 (Sasser, 1990) . Isolate B374
T was shown to lack mycolic acids. The cellular fatty acid profile of the isolate was contained major proportions (.10 %) of C 16:0 (27.5 %), C 17:1 v8c (15.6 %) and C 18:1 v9c (19.1 %) ( Table S1 ). All of these chemical properties support the assignment of the novel isolate to the genus Marmoricola (Urzì et al., 2000) .
Morphological and physiological characteristics were investigated by using Glucose-yeast extract agar (Gordon & Mihm, 1962) at 28 8C as the basal medium, according to Kim et al. (2010) . The type strain of M. aequoreus T was used as a control. The temperature and pH ranges for growth were determined at 10, 28, 37 and 45 8C and at initial pH values of 4.0, 5.0, 9.0 and 10.0. NaCl tolerance for growth was tested at 1, 3, 5 and 7 % (w/v) NaCl. Oxidase and catalase activities, degradation ability and utilization of carbohydrates were determined according to the methods described by Kim et al. (2010) . Other physiological and biochemical properties were tested by using API ZYM kits (bioMérieux), according to the manufacturer's recommendations.
Cell morphology and motility were observed by using phase-contrast and transmission electron microscopy, using cells from exponentially growing cultures, after incubation on GY for 3 days at 30 8C. For the latter, cells were negatively stained with 2 % (w/v) phosphotungstic acid, and after air drying, grids were examined and observed with a model JEM-1200EX II (JEOL) transmission electron microscope [modified method of Lee & Lee, 2010] .
Cells of strain B374
T were aerobic, Gram-stain-positive, non-motile cocci (0.5-0.7 mm in diameter) present singly, in pairs or in clusters. Strain B374 T was negative for the oxidase and urease tests. Catalase was produced. Nitrate was not reduced to nitrite. Casein, gelatin, starch, cellulose and xylan were hydrolysed. Xanthine and hypoxanthine were decomposed. Tweens 20, 60 and 80 were not hydrolysed, whereas Tween 40 was only hydrolysed weakly. Other physiological and biochemical characteristics are given in Table 1 and in the species description below. The isolate, unlike the others type strains of species of the genus Marmoricola, degraded xanthine and was positive in tests for N-acetyl-b-glucosaminidase and lipase (C14), and negative for esterase lipase (C8). Nevertheless, all of the strains could be distinguished using a combination of phenotypic features (Table 1) . Isolate B374 T can be readily distinguished from the type strain of M. aequoreus as it: formed orange colonies; had an inability to grow at pH 5.0 or in the presence of 5 % (w/v) NaCl; had an ability to degrade starch, hypoxanthine or xanthine and had an inability to use D-fructose, glycerol, lactose, maltose, ribose and D-sorbitol as the sole carbon source.
It was also evident from all of the genotypic and phenotypic data that strain B374
T can be distinguished readily from its phylogenetic neighbours. It is, therefore, proposed that strain B374
T should be recognized as a novel species of the genus Marmoricola, with the suggested name Marmoricola aquaticus sp. nov.
Description of Marmoricola aquaticus sp. nov.
Marmoricola aquaticus (a.qua'ti.cus. L. masc. adj. aquaticus of or belonging to a marine environment, referring to the source of the type strain).
Aerobic, Gram-stain-positive, non-sporulating, non-motile and spherical; occurring singly, in pairs, in clusters or as short chains (0.5-0.7 mm). Colonies are orange, smooth and regular. The optimum temperature for growth is 28-30 uC; growth occurs at 10 to 37 uC. The pH ranged for growth is 6.0 to 10.0. Hydrolyses Tween 40 and aesculin. Gelatin, starch, xanthine, hypoxanthine, casein and cellulose are degraded. Nitrate is not reduced to nitrite. Produces alkaline phosphatase, trypsin, a-chymotrypsin, a-glucosidase, b-glucosidase, b-galactosidase, lipase (C14) and N-acetyl-b-glucosaminidase (API ZYM tests). Grows on D-galactose, L-rhamnose and glycogen as sole carbon and energy sources, but not on adonitol, D-arabinose, cellobiose, D-fructose, glycerol, lactose, maltose, D-mannose, meso-erythritol, raffinose, D-ribose, D-sorbitol, D-xylose, D-mannitol, uric acid, malic acid, lactic acid, dextrin and oxalic acid. The predominant menaquinone is MK-8(H4). The polar lipids comprise phosphatidylinositol, phosphatidylglycerol, diphosphatidylglycerol and phosphatidylmethylethanolamine. Mycolic acids are absent. The diagnostic diamino acid in the cell walls is LL-diaminopimelic acid and for muramic acid is N-acetylated. Glucose and ribose are detected only as whole-cell sugars.
The type strain is B374 T (5CBMAI 1089 T 5DSM 28169 T ), which was isolated from a marine sponge, Glodia corticostylifera, collected from Sao Paulo, Brazil. The genomic DNA G+C content of the type strain is 74.3 mol%.
